Abstract Southwestern British Columbia and northwestern Washington State are subject to megathrust earthquakes, deep intraslab events, and earthquakes in the continental crust. Of the three types of earthquakes, the most poorly understood are the crustal events. Despite a high level of seismicity, there is no obvious correlation between the historical crustal earthquakes and the mapped surface faults of the region. On 24 June 1997, a M L ‫ס‬ 4.6 earthquake occurred 3-4 km beneath the Strait of Georgia, 30 km to the west of Vancouver, British Columbia. This well-recorded earthquake was preceded by 11 days by a felt foreshock (M L ‫ס‬ 3.4) and was followed by numerous small aftershocks. This earthquake sequence occurred in one of the few regions of persistent shallow seismic activity in southwestern British Columbia, thus providing an ideal opportunity to attempt to characterize an active near-surface fault. We have computed focal mechanisms and utilized a waveform cross-correlation and joint hypocentral determination routine to obtain accurate relative hypocenters of the mainshock, foreshock, and 53 small aftershocks in an attempt to image the active fault and the extent of rupture associated with this earthquake sequence. Both Pnodal and CMT focal mechanisms show thrust faulting for the mainshock and the foreshock. The relocated hypocenters delineate a north-dipping plane at 2-4 km depth, dipping at 53Њ, in good agreement with the focal mechanism nodal plane dipping to the north at 47Њ. The rupture area is estimated to be a 1.3-km-diameter circular area, comparable to that estimated using a Brune rupture model with the estimated seismic moment of 3.17 ‫ן‬ 10 15 N m and the stress drop of 45 bars. The temporal sequence indicates a downdip migration of the seismicity along the fault plane. The results of this study provide the first unambiguous evidence for the orientation and sense of motion for active faulting in the Georgia Strait area of British Columbia.
Introduction
Southwestern British Columbia and northwestern Washington State overlie the Cascadia subduction zone. There are three sources of seismic activity in this region: (1) rare (ϳ500 year return period), but extremely large (M ϳ 9) megathrust earthquakes, which occur on the boundary between the subducting Juan de Fuca plate and the overlying North American plate; (2) intraslab earthquakes, which occur within the subducting oceanic plate; and (3) crustal seismicity in the North American plate. Of these three sources, the crustal earthquakes are the least understood. Most occur at midcrustal depths, and typically there is no correlation with surface faults. Understanding the nature of the crustal earthquakes is of great importance, as the crustal seismicity is concentrated in the populated regions of the Puget Lowlands-Georgia Basin .
Recently, major east-west-trending faults have been discovered beneath Puget Sound. One of the most prominent, the Seattle fault, shows clear evidence (Bucknam et al., 1992) for a large (M Ͼ 7) shallow crustal event ca. A.D. 900 and may be associated with moderate (M Յ 5) historical seismicity (Dewberry and Crosson, 1996; Weaver et al., 1999) . The identification of this active fault in the Puget Sound has made a significant impact on the earthquake hazard estimates for the Seattle region (Frankel et al., 1996) . Similarly, the identification of active, or potentially active structures near the urban areas of southwestern British Columbia is an important issue to address.
On 24 June 1997 a magnitude (M L ) 4.6 earthquake occurred beneath the Strait of Georgia, 30 km to the west of Vancouver (Fig. 1 ). This earthquake was the mainshock of an earthquake sequence that began with a M L ‫ס‬ 3.4 event on 13 June 1997 and continued for several months with numerous, small (M L Ͻ 2) aftershocks. Occurring in a region of concentrated shallow (Ͻ6 km depth) seismicity, this earthquake sequence provides an excellent opportunity to define the orientation and sense of motion on an active fault near the urban centers of southwestern British Columbia.
In this article, we (1) compute focal mechanisms for the mainshock, foreshock, and largest aftershocks of the 24 June 1997 earthquake; and (2) utilize waveform cross-correlation and a joint hypocentral determination routine to obtain accurate relative hypocenters of the mainshock, foreshock, and 53 small aftershocks in order to image the fault associated with this shallow, crustal earthquake sequence.
The 24 June 1997 Earthquake Sequence
On 24 June 1997 at 14:40 UTC (07:40 a.m. local time) a moderate (M L ‫ס‬ 4.6, M W ‫ס‬ 4.3) earthquake occurred 3-4 km beneath the Strait of Georgia, about 30 km from the urban core of Vancouver, and midway between Nanaimo on Vancouver Island, and Vancouver, on the British Columbia mainland (Fig. 1) . This earthquake was felt over an area of about 60,000 km 2 , including southern Vancouver Island, the Sunshine coast, greater Vancouver, and as far east as Abbotsford and as far south as Seattle (Fig. 1) . In most cases, the felt reports indicated a Modified Mercalli Intensity of III-IV. There were two reports of minor damage: broken glass in Vancouver and a broken water pipe in North Vancouver (Fig. 1) . This earthquake was preceded by 11 days by a felt M L ‫ס‬ 3.4 foreshock and was followed by numerous small (M L Ͻ 1.7) aftershocks. The earthquake sequence was well recorded on stations of the Canadian National Seismograph Network in southwestern British Columbia, providing, to date, the best data set for source studies in the epicentral region.
Overview of Previous Seismicity
Shallow, crustal earthquakes pose a significant hazard to the populated areas of southwestern British Columbia and the United States Pacific Northwest. Crustal earthquakes of magnitude 7 or larger occurred in 1872 in northern Washington State, and in 1918 and 1946 on Vancouver Island (Fig. 2) . Moderate crustal earthquakes occurred in northern Washington State in 1990 , and beneath the Strait of Georgia in 1975 . Each of these moderate earthquakes was shallow (Ͻ5 km) and followed by numerous aftershocks. Small, (M Ͻ 3) crustal earthquakes occur daily in this region. In Figure 2 , the best located earthquakes (e.g., those recorded by modern seismograph networks) in the North American plate (focal depth less than about 35 km) are compared to the location of the largest crustal events. notes that: (1) the small crustal earthquakes tend to be concentrated in the Strait of Georgia-Puget Sound lowland; (2) most are at depths of 15-25 km; and (3) there is no obvious correlation between the small crustal earthquakes and the three largest historical crustal earthquakes in this area. Although this area is very active seismically, there is no distinctive alignment of epicenters to indicate active faults. Further, no evidence for active surface faulting has been found in southwestern British Columbia, to date. It is noteworthy that focal mechanisms for crustal earthquakes in southwestern British Columbia (e.g., Rogers, 1979; Mulder, 1995) and northwestern Washington State (e.g., Ma et al., 1991) typically have thrust mechanisms or strike slip mechanisms with nearly horizontal P axes oriented N-S in Washington State and NNW-SSE in southwest British Columbia, indicating a margin-parallel compressive stress regime.
Considering only the shallowest of the crustal earthquakes (focal depth Ͻ 6 km) recorded by dense seismograph networks in this area (1975-present) , one finds that the location of the 24 June 1997 earthquake sequence has been a site of persistent shallow seismic activity beneath the Strait of Georgia (Fig. 3) . In 1975, a shallow M ‫ס‬ 4.9 thrust earthquake (Rogers, 1979 ) with a long aftershock sequence occurred here and, since then, several small felt events have occurred. Given the concentration of shallow seismic activity, this is an ideal site at which to look for evidence of active surface faulting in the marine environment (e.g., disturbed sediments).
Geological Setting and Recent Geophysical Studies
The 1997 earthquake sequence occurred beneath the Strait of Georgia, which lies within the Georgia Basin (Fig.  4) ; a structural and sedimentary, Cretaceous to Cenozoic forearc basin that overlies the subducting Juan de Fuca plate. The Georgia Basin occupies a similar position to that of the Puget Sound lowland in Washington State. There, seismic images, gravity data, and magnetic data reveal a series of northwest to west trending faults and folds beneath Puget Sound (Fig. 4) that have been interpreted as representing a north moving "thin-skinned" thrust sheet (Pratt et al., 1997) .
The most prominent of the faults identified in the Puget Lowland is the east-west trending, south-dipping Seattle Fault (Pratt et al., 1997; Johnson et al., 1999a) . This fault was associated with a M Ͼ 7 event ca. A.D. 900 (Bucknam et al., 1992) , and may be seismically active today (Dewberry and Crosson, 1996; Weaver et al., 1999) . In northern Puget Sound, the Devils Mountain Fault (Fig. 4) is a north-dipping, east-west-trending thrust fault that coincides with aeromagnetic and gravity anomalies (Johnson et al., 1999b) .
In the vicinity of the 24 June 1997 earthquake sequence, the Wrangellia terrane forms the basement of the Georgia Basin (Monger, 1990; Zelt et al., 1993; Monger and Journeay, 1994 ). This is overlain by an approximately 2-kmthick sedimentary package comprising the marine Upper Cretaceous Nanaimo Group (primarily sandstone, conglomerate, and shale), the Eocene nonmarine sedimentary rocks of the Chuckanut Formation and Pleistocene glacial deposits. This package is capped by up to 400 m of unconsolidated Holocene sediments that represent Fraser River outwash (Mosher and Hamilton, 1998) .
The overall structure of the Georgia Basin indicates moderate deformation along a series of mainly northwesttrending faults and folds (England and Bustin, 1998) . Much of the Nanaimo group is characterized by shallow northeastto east-dipping beds (Mustard and Rouse, 1994) , which locally may reverse their dip over northwest trending folds.
However, there is considerable debate over the details of the structure of the Georgia Basin (Mustard and Rouse, 1994; England and Bustin, 1998) . Although major faults have been proposed for the Strait of Georgia area (Muller, 1977) , none have been found. Using seismic refraction and reflection data, White and Clowes (1984) found evidence for a small local fault beneath the Strait of Georgia (about 18 km to the southeast of the 24 June 1997 epicenter) but could not constrain the dip direction or dip angle of this feature.
The 1998 SHIPS experiment (Fisher et al., 1999) was designed, in part, to examine the crustal and detailed nearsurface structure beneath the Strait of Georgia in the vicinity of the 24 June 1997 earthquake (Fig. 4) . Preliminary results of the multichannel seismic reflection study are discussed later in this article and are presented in Mosher et al. (2000) .
The Data Set
The 24 June 1997 foreshock, mainshock, and aftershock sequence were well recorded on the short-period and broadband stations of the Canadian National Seismograph Network (CNSN) in southwestern British Columbia ( 1998 (34 of which occurred within one month of the mainshock). The closest stations are NAB (28 km west of the epicenter), and BIB (30 km to the northeast); the most distant station used for the earthquake relocation was BTB (140 km to the west).
In addition, the 24 June 1997 mainshock triggered strong-motion instruments at 19 sites in southwestern British Columbia. For more information on the strong-motion data sets and their interpretation, see Cassidy et al. (1998) and Cassidy and Rogers (1999) .
Data Analysis Focal Mechanisms
Of the earthquakes, only the M L ‫ס‬ 4.6 mainshock and the M L ‫ס‬ 3.4 foreshock provided sufficient data for a wellconstrained P-nodal solution. For the mainshock, a total of 73 first motions were read from seismograms of the CNSN and the nearby Pacific Northwest Seismograph Network (PNSN). Of these, 10 were from three-component broadband waveforms, and 63 were from short-period vertical-component waveforms. Using the P-nodal analysis program fpfit (Reasenberg and Oppenheimer, 1985) we find a well constrained focal mechanism showing thrust faulting (Fig. 6 ) along either a north-dipping fault (strike 262Њ, dip 47Њ, slip 98Њ), or along a south-dipping fault (strike 71Њ, dip 44Њ, slip 82Њ). A centroid moment tensor solution for this earthquake, computed by Oregon State University (Malone et al., 1997) , using regional broadband data from 12 stations, shows a very similar thrust solution on a north-dipping fault of strike 278Њ, dip 56Њ, slip 120Њ (Fig. 6 ).
For the 13 June foreshock, a total of 34 first motions were read from seismograms of the CNSN and the PNSN. Of these, six were from three-component broadband waveforms, and 28 were from short-period vertical-component waveforms. Most of the first motions are identical to those of the mainshock; however, there are four clear polarity differences, requiring a slightly different focal mechanism. The fpfit top-scoring solution for the foreshock is a mixture of thrust and strike-slip faulting (Fig. 6 ) along either a northnorthwest-dipping fault (strike 236Њ, dip 42Њ, slip 123Њ), or along an east-dipping fault (strike 15Њ, dip 56Њ, slip 64Њ). This mechanism is not as well constrained as the mainshock, and solutions ranging from thrust (similar to the mainshock) to predominantly strike slip along an east-west-striking, northdipping fault (strike 266Њ, dip 72Њ, slip 156Њ) are permitted by the first motion data (Fig. 6) . The centroid moment tensor solution for this earthquake (Malone et al., 1997) , obtained using regional broadband data from nine stations, shows a predominantly thrust mechanism (strike 259Њ, dip 67Њ, slip 106Њ) that is rotated 19Њ counterclockwise relative to the mainshock CMT solution (Fig. 6) .
In summary, the mainshock shows thrust faulting (strike 262Њ, dip 47Њ, slip 98Њ) as determined from both the P-nodal solution and the CMT solution. It is very similar to the focal mechanism of a M L ‫ס‬ 4.9 earthquake in 1975 (Rogers, 1979 ) that occurred at the same location as the 1997 earthquake sequence. Our preferred mechanism for the foreshock is predominantly thrust (strike 236Њ, dip 42Њ, slip 123Њ) as suggested by both the P-nodal and CMT solutions. However, we cannot rule out a strike-slip mechanism for this event.
The pressure axes for both earthquakes are near-horizontal and orientated NNW to NW (346Њ for the mainshock, and 303Њ for the foreshock), consistent with the overall orientation of P-axes for crustal earthquakes in southwest British Columbia (Mulder, 1995) .
The other aftershocks considered in this study are all too small for a well-constrained P-nodal solution. We note, however, that the first motions that can be read for the five largest aftershocks (M L ‫ס‬ 1.5-1.8) are consistent with the mainshock first motions; suggesting similar focal mechanisms for the largest aftershocks. 
Earthquake Hypocenters
Network Locations. The routine network locations of the earthquakes (M L ‫ס‬ 0.3-4.6) considered in this study were obtained using P and S-wave arrival times at stations of the CNSN in southwest British Columbia at distances of about 30-120 km ( Figure 5 ). The locations were obtained using the program LocEq (Baldwin, 1993) , which employs downhill simplex to minimize, in a least-squares sense, both the P-wave and S-wave travel-time residuals. Between 6 and 19 P and S phases (generally 8-12) from 4 to 13 stations (typically 6-8) were utilized in these locations. The closest stations were at distances of about 30 km, and therefore the focal depths are not well constrained. However, the range of focal depths (0-5 km) is reasonable, and it is likely that these earthquakes occurred within about 5 km of the surface.
The routine network locations of the 76 events that were considered in this study show scatter over a circular region about 3 km in diameter (Fig. 7) . There is no obvious alignment of epicenters in the map view, nor is there an alignment of hypocenters in the cross-sectional views (Fig. 7) . The routine location errors (1 r) average ‫8.2ע‬ km horizontally and ‫9.6ע‬ km vertically. Based on the routine network locations and their estimated errors, one cannot resolve any structure, or potential fault plane.
Relocation of Hypocenters Using Waveform Cross-
Correlation. The similarity of the focal mechanisms of the foreshock/mainshock and the small volume in which the events occurred makes the earthquake cluster suitable for precise relative event location using waveform crosscorrelation. To relocate the hypocenters of the foreshock, mainshock, and aftershock sequence, we utilize the analysis package Xadjust (Dodge, 1996) . This uses a waveform cross-correlation routine (VanDecar and Crosson, 1990 ) to obtain precise relative P-wave and S-wave arrival times with respect to a master event. The measurements are subsequently inverted using the program VELEST (Ellsworth, 1977; Roecker, 1981) to obtain hypocentral parameters, station corrections, and model adjustments. It is assumed that all of the unmodelled velocity structure can be absorbed into station corrections. For more details on the analysis method, see Dodge et al. (1995 Dodge et al. ( , 1996 .
The P-and S-wave train of the bandpass-filtered (2-8 Figure 8 . Vertical component waveforms recorded at seismic station BIB for a number of the events considered in this study. Both the P waves and the S waves (left) are similar, indicating that these events have similar mechanisms and are nearly colocated. A large number of the events have nearly identical waveforms (close-up of the P waves is shown on the right). Seismograms are bandpass filtered from 2 to 8 Hz.
Hz) seismograms were cross-correlated at stations within 28 km to 140 km from the cluster centroid. Two waveforms at a common station are considered similar when the correlation coefficient exceeds 0.8. The seismic stations used (see labelled stations in Figure 5 ) provide a good azimuthal coverage of the epicentral region. The similarity of the waveforms at each station (an example is shown in Figure 8 ) indicates that these earthquakes are nearly colocated and have similar focal mechanisms. Of a total of 76 events that were initially considered, 55 events ranging in magnitude from M L 0.3 to 4.6, had a sufficient number of arrivals (at least five phases) to be accurately relocated. The velocity model (Table 1) we use to solve the forward problem is based on the interpretation of seismic refraction data (Zelt et al., 1993; White and Clowes, 1984) , seismic reflection data (including high-resolution studies that provide sediment thickness estimates (Mosher and Hamilton, 1998) ), and earthquake studies (Mulder, 1995) conducted in the region.
The relocated hypocenters (Table 2 ) are shown in both map and cross-sectional view in Figure 9 . Note that the epicenters fall within a 1.4-km-diameter area, and in crosssectional view there is a strong northward-dipping trend observed. The relative locations of these events are very well constrained, with average 2r standard errors of ‫021-011ע‬ m horizontally, and ‫091ע‬ m vertically. As shown in Figure  10 , the north-dipping structure is particularly evident for the 24 largest earthquakes (M Ͼ 1) and is even clearer for the largest seven events in the sequence (all M Ͼ 1.5). Here, a dip angle of 53Њ is computed for the northward-dipping plane of aftershocks. The 2r errors in the vertical direction are indicated by bars for each event. Note that although the horizontal errors are not shown, they are small, approximately one-half those of the vertical. The dip angle resolved by the seismicity is in very good agreement with the dip angle of 47Њ (dashed line in Figure 10 ) for the north-dipping plane in the mainshock focal mechanism solution.
Accuracy of Solutions and Error
Estimates. The waveform cross-correlation and joint hypocentral determination method used in this study was developed and has been primarily used in regions of relatively dense seismograph station coverage. In the area considered here, the closest seismograph is ϳ30 km from the epicenter, and the station spacing is approximately 30-50 km. Thus, a valid question is how accurate are the relative hypocenters obtained from a sparse network? We have addressed this question by considering data from the dense Northern California Seismic Network and several well-recorded events along the northern Hayward Fault. These earthquakes were first located with Xadjust (Dodge, 1996) and the method outlined here, using all of the available data (e.g., 118 stations within 120 km of the epicenter, including 18 stations within 30 km, and 3 stations within 10 km), and then were relocated using various subsets of the data, including data distributions that closely resembled that available for the Strait of Georgia region (e.g., 13 stations within 120 km of the epicenter, with the closest stations at 28 km). The results of this study (see Cassidy et al., 2000 for details) , demonstrated that with the restricted data, the epicenters moved less than 150 m, and still clearly resolved the orientation of the fault. Focal depths were more variable, typically changing by 500-700 m, and in some cases by 1-1.5 km. However, the vertical orientation of the fault was still clearly visible. Cassidy et al. (2000) conclude that even with a relatively sparse station coverage, and with the nearest stations at 30 km, the relative locations are useful in delineating fault structure.
The P-wave velocity structure in the epicentral region is constrained by seismic refraction experiments, as described earlier. We have examined the potential effect of the earth model used on the hypocenter locations by allowing for reasonable changes to the starting earth model (e.g., removing the sediment layer, changing the thickness of the sedimentary package, moving the depth of the "high-velocity" layer from 8 km, to 4 km, to 12 km), and varying Pois- †Latitude, longitude, and depth are relocations from this study.
son's ratio. The epicenters moved horizontally by up to about 300 m, and depths changed by up to 1 km; however, the earthquakes moved as a cluster so that their relative locations were not significantly dependent on the starting model. In all cases, the north-dipping band of hypocenters was found to be robust, as was the spatial extent of about 1.5 km.
In addition to the mathematical relative uncertainties estimated from this analysis (average 2r standard errors of ‫021-011ע‬ m horizontally, and ‫091ע‬ m vertically), we have used a bootstrap method to examine the location uncertainties. Each event was relocated using numerous subsets of the complete arrival time data sets. In all cases, these bootstrap locations fell within the 2r standard errors estimated using the complete data sets.
Stress Drop and Rupture Area
A stress drop of 45 bars was estimated for the 24 June 1997 mainshock by Atkinson and Cassidy (2000) using the S-wave spectra at 22 regional sites. This value is higher than the average stress drop of about 30 bars observed in the area (Atkinson, 1995; Wahlström, 1993; Dewberry and Crosson, 1995) but well within the range of typical values observed for moderate-sized earthquakes in the Pacific Northwest (Dewberry and Crosson, 1996) .
The seismic moment estimate for the 24 June 1997 earthquake is 3.17 ‫ן‬ 10 15 N m, based on body-wave and surface-wave amplitudes in the CMT solution (Malone et al., 1997) . The stress drop and seismic moment estimates based on Brune's relation (Brune 1970 (Brune , 1971 ) yields a circular rupture area of a 1.35-km diameter. This is in good agreement with the relocated aftershocks (Fig. 9) , which fall within a circular area of a 1.3-km diameter on the surface (and corresponds to a circular area of a 1.8-km diameter on a fault plane dipping at 53Њ). Thus, the relocated aftershocks define a region that is consistent with the estimated stress drop and seismic moment. As described subsequently almost all of the early aftershocks (within 24 hours of the mainshock) occurred about 650 m downdip and to the north of the mainshock location. These early aftershocks likely outline the northern limit of the ruptured segment.
Temporal Distribution. The relocated events in this earthquake sequence exhibit an interesting temporal sequence. It Figure 9 . Relocated earthquake hypocenters. Dot size is scaled to magnitude. Locations of the cross sections (right) are shown on the map. In plan view, the epicenters are confined to a circular area of 1.3-km diameter. In the north-south cross section, there is a strong north-dipping trend from 2 to 4 km depth.
is noteworthy that the 24 June 1997 mainshock is the first known significant earthquake in southwestern British Columbia known to be preceded by a felt foreshock. On 13 June 1997 a magnitude 3.4 earthquake occurred 0.5 km from the mainshock location and was felt throughout greater Vancouver and across southern Vancouver Island. This was the first shallow earthquake located at this site since 6 March 1997 (when a pair of shallow M ‫ס‬ 0.6 and 0.7 events occurred within four hours of one another), and the only significant event (M Ͼ 1) since 28 November 1995, when a shallow M ‫ס‬ 2.8 event occurred at this location. The 13 June 1997 event was followed by six very small events (M ‫ס‬ 0.3-0.7) prior to the 24 June 1997 mainshock. Of these, four were well-enough recorded to be relocated using the waveform cross-correlation technique. Note that these small events appear to migrate downdip and toward the site of the 24 June mainshock (Fig. 11) . Although there are too few events to state definitively, there is some suggestion that the foreshock sequence occurred along a more steeply dipping plane (with an apparent dip of about 60-65Њ as indicated by the dashed line with the question mark in Figure 11 ) than that of the mainshock sequence (Fig. 11) . Within 24 hours of the mainshock, 23 small (M ‫ס‬ 0.7-1.7) aftershocks were recorded. All but three of these were located downdip (Fig.  11) , with most being concentrated in a small region about 650 m downdip and to the north of the mainshock location. These early aftershocks likely outline the northern limit of the ruptured segment of the north-dipping fault. In the month following the mainshock there were an additional 12 small events (M ‫ס‬ 0.2-1.5) recorded. Most of these events are located within about 500 m of the mainshock location and at about the same focal depth.
Discussion and Conclusions
The 24 June 1997 M L ‫ס‬ 4.6 earthquake, its foreshock, and aftershocks, represent the most accurately located shallow earthquake sequence near the populated centres of Note that the foreshock is the shallowest event, seismic activity then migrates downward and toward the mainshock location about 500 m to the NNW. Almost all of the aftershock activity in the first 24 hours is clustered downdip, about 500-700 m to the north of the mainshock epicenter. Note that foreshock sequence may be along a more steeply dipping plane (indicated by a dashed line with a question mark) than that of the mainshock sequence (dashed line, no question mark), see text.
southwestern British Columbia recorded to date. These earthquakes occurred in a region of persistent shallow seismic activity beneath the Strait of Georgia, a basin with many similarities to the Puget Sound lowlands of Washington State.
The well-constrained focal mechanism for the 24 June 1997 mainshock shows thrust faulting along either a northdipping fault (strike 262Њ, dip 47Њ, slip 98Њ), or along a southdipping fault (strike 71Њ, dip 44Њ, slip 82Њ). A relocation of the earthquake hypocenters, using a waveform cross-correlation technique, clearly shows a north-dipping zone of hypocenters, with a dip angle of 53Њ, in good agreement with that estimated by the P-nodal solution. Thus, for the first time we have used earthquake focal mechanisms, and an alignment of accurately located hypocenters to characterize an active fault in southwestern British Columbia. The M L ‫ס‬ 3.4 foreshock (the only other event for which a focal mechanism could be computed) is not as well constrained and shows either predominantly thrust motion along a northnorthwest-dipping fault (strike 236Њ, dip 42Њ, slip 123Њ), which is rotated about 25 Њ relative to the mainshock fault plane, or predominantly strike-slip along a fault oriented in the same direction as the mainshock fault (strike 266Њ), but dipping more steeply with a dip angle of 72Њ. There is some support for a more steeply dipping plane for the foreshock sequence (relative to the mainshock and its aftershocks) from the precise relocations (Fig. 11) .
The relocated hypocenters define a 1.3-km-diameter circular area. This is in good agreement with the expected rupture area (based on a Brune rupture model) for an earthquake of this size (M 0 ‫ס‬ 3.17 ‫ן‬ 10 15 N m) and a stress drop of 45 bars. The temporal sequence of this earthquake sequence shows that the M L ‫ס‬ 3.4 foreshock was the shallowest event.
Over the next 11 days, the earthquake activity migrated downdip and 400 m to the northwest, to the location of the mainshock epicenter. In the first 24 hours after the mainshock, almost all of the aftershock activity was located downdip and 500-700 m to the north of the mainshock epicenter.
The east-west orientation of the active north-dipping structure that we interpret beneath the Strait of Georgia is similar to the orientation of major thrust faults imaged recently in the Puget Sound area (Johnson et al., 1999a,b) . The focal mechanism for the 24 June 1997 Georgia Strait event is similar to the mechanisms of recent moderate earthquakes in the Puget Sound area that may be associated with the Seattle Fault, including the 1995 M D ‫ס‬ 5 Pt. Robinson earthquake (Dewberry and Crosson, 1996) and the 1997 M D ‫ס‬ 4.9 Bainsbridge Island earthquake (Weaver et al., 1999) . Given the similar margin-parallel stress regime through the area, it is not surprising to see similar types of thrust structures and faulting. Preliminary analysis of the SHIPS seismic reflection data collected in the Strait of Georgia is providing the most detailed images, to date, of the structure in the epicentral area of these 1997 Georgia Strait earthquakes. Mosher et al. (2000) find that this earthquake sequence is located within a broad deformation zone in the marine environment where seismic reflectors show a loss of coherency, changing dip directions, and some offsets. A clear 8-km-long east-west trending aeromagnetic anomaly has been identified in the epicentral area (Mosher et al., 2000) . The location and positive polarity of this anomaly is consistent with our interpreted sense of motion along the fault (south side down and north side up).
In summary, by combining earthquake focal mechanisms and precisely located hypocenters obtained from a waveform cross-correlation routine and joint hypocentral determination, we have characterized, for the first time, the orientation and sense of motion along an active fault in the vicinity of the urban centers of southwestern British Columbia.
